Objective: To study the clinical characteristics, treatment, and prognosis of thyroid cancer in children and adolescents. Methods: We performed a retrospective analysis of clinical data from 83 cases of thyroid cancer in children and adolescents from January 1990 to December 2010. We compared extra-thyroid extension, lymph node metastasis, distant metastasis, and prognosis between pediatric patients ≤12 years of age (27 cases) and those >12 years of age (56 cases). All the patients agreed to undergo thyroidectomy and endocrine therapy, and the consent was obtained from parents or guardians. Results: Histopathology included papillary carcinoma in 67 cases, papillary carcinoma with partial follicular growth pattern in 1 case, papillary carcinoma with squamous metaplasia in 4 cases, follicular carcinoma in 7 cases, medullary carcinoma in 3 cases, and poorly differentiated carcinoma in 1 case. The total lymph node metastasis rate was 78.31%. Patients ≤12 years of age showed a higher rate of lymph node metastasis than the older group (92.59% vs. 71.43%, P=0.028). The incidence rate in females in the older group was higher than that in the younger group (80.36% vs. 59.26%, P=0.041). There were no significant differences in extra-thyroid extension, distant metastasis, survival rate, or recurrent disease between the two groups. Conclusions: The lymph node metastasis of thyroid cancer is higher in patients ≤12 years of age than in those >12 years of age; the incidence rate is higher in females than in males. Childhood thyroid cancer has a good prognosis, surgery being the most effective treatment. Choosing a reasonable surgery method and comprehensive postoperative treatment can achieve a cure and satisfactory survival rate.
Introduction
Thyroid cancer is rare in children and adolescents, having a different clinical presentation and course from adults (Vaisman et al., 2011) , in particular a high rate of malignancy. The incidence of malignant thyroid nodules in adults is about 5%, while in children and adolescents it is up to 25% (Baş et al., 2012; Osipoff and Wilson, 2012) , with the risk being higher at a younger age (Alessandri et al., 2000) . Despite this, the prognosis is acceptable but aspects of the treatment of thyroid cancer in children and adolescents are still controversial, for example whether children need to undergo aggressive therapy including total thyroidectomy and radioactive iodine (RAI) therapy after initial surgery. It is unclear whether younger patients are at greater risk for more extensive and recurrent disease and the American Thyroid Association (ATA) guidelines recommend that "prepubertal" and "pubertal/postpubertal" children should be studied to improve uniformity and accuracy (Francis et al., 2015) .
In this study, we reviewed retrospective clinical information from 83 patients up to 18 years of age, who underwent surgery at our hospital for diagnosis and treatment of thyroid cancer. We analyzed the clinical features, effectiveness of our surgical approach, RAI therapy, thyroxin suppressive-substitutional treatment, and the long-term outcome of our patients.
Patients and methods

Patients
This study is a retrospective analysis of data from 83 pediatric patients suffering from thyroid cancer, aged from 6 to 18 years (mean (14.12± 2.83) years). Patients' general characteristics are presented in Table 1 . All patients were operated on by the same surgeon at the Department of Head and Neck Surgery, Zhejiang Cancer Hospital (Hangzhou, China) from January 1990 to December 2010.
Group and follow-up
Patients were divided into two groups according to age: ≤12 and >12 years old. The younger group included 27 patients, 16 females and 11 males (1.45:1), while the older group included 56 patients, 45 females and 11 males (4.09:1). The differences in tumor location, extra-thyroid extension, lymph node metastasis, distant metastasis, and prognosis were compared between the two groups. Patients were followed up by telephone or letter and parents or guardians were surveyed in case patients were still minors. All of them were successfully followed up for 5-25 years (mean (11.48±5.46) years); however, 12 patients were lost to contact 10 years after initial surgery.
Preoperatively all patients received cervical and abdominal ultrasound examination, neck and chest computed tomography (CT) scan, indirect laryngoscopy, and complete thyroid hormone analysis including antibodies, thyroglobulin, calcitonin, and parathyroid hormone. Metastasis and node involvement were determined by clinical and pathological findings. Extra-thyroidal extension was evaluated through either clinical or pathological results. The postoperative pathological tumor-node-metastasis (pTNM) classification is according to the American Joint Committee on Cancer (AJCC) (Edge and Compton, 2010) .
Statistical analysis
All results were analyzed by GraphPad Prism Version 6.0 (GraphPad Software for Science, San Diego, CA) statistical software. χ 2 test and Fisher exact probability analysis were used to test the difference between categorical variables. The statistical significance level was set at P<0.05.
Results
Clinical features
Sixty-one patients were females and 22 were males (2.77:1). Most presented with a neck lump: mean tumor diameter was (2.81±1.23) cm. Fifty-seven (68.67%) were unilateral lobe tumors and 50 (60.24%) were solitary tumors (Table 1 ). All patients underwent a surgical procedure shown in Table 2 ; 13 children underwent RAI therapy after initial surgery, 8 of them in the >12 years old group and 5 in the younger group. The incidence was higher in females than in males. The bilateral laryngeal recurrent nerve was invaded in 2 cases and the unilateral nerve in 4 cases. Five cases extended to the cervical anterior muscle, 3 cases involved vascular tumor thrombus and 2 involved the tracheal membrane, fatty tissue surrounding muscle, and the esophageal muscle layer excluding laryngeal recurrent nerve invasion. In 9 cases, cervical anterior muscle and surrounding tissues only were invaded (Table 3) . 
Pathology and TNM classification
Pathological type is shown in Table 3 . The majority of patients (67/83 or 80.72%) presented with papillary carcinoma, follicular and medullary carcinoma accounted for 7/83 (8.43%) and 3/83 (3.61%), respectively, and poorly differentiated carcinoma and papillary carcinoma with squamous metaplasia for 1/83 (1.20%) and 4/83 (4.82%), respectively. All postoperative patients' pTNM was classified according to AJCC (Table 4) . Eighty-one cases were at clinical stage I and two cases at stage II.
Metastasis and extra-thyroid extension
The aggressiveness of the two groups, 12 years old or younger and older than 12 years, was compared (Table 5 and Fig. 1 ). There was total lymph node metastasis in 65/83 (78.31%), unilateral central lymph node metastasis in 7/65 (10.77%), unilateral cervical lymph node metastasis in 35/65 (53.85%), and bilateral cervical lymph node metastases in 23/65 (35.38%). The occurrence of cervical lymph node metastasis in the younger group was significantly higher than that in the older group (92.59% vs. 71.43%, P=0.028), but there were no differences in tumor location, extra-thyroid extension, or distant metastasis (P=0.811, P=0.920, and P=0.548, respectively). The female incidence of thyroid cancer in the older group was significantly higher than that in the younger group (80.36% vs. 59.26%, P=0.041). 
Postoperative complications
There were relatively few postoperative complications. One case underwent permanent tracheal fistula because the bilateral laryngeal recurrent nerves were invaded and resected. One case underwent tracheotomy due to bilateral vocal cord paralysis and recovered three months later without dyspnea and hoarseness, while permanent hoarseness occurred in three cases on account of unilateral laryngeal recurrent nerve invasion and resection. In four cases transient hypoparathyroidism improved after calcium treatment, while in one case hypoparathyroidism was permanent. All patients underwent endocrine therapy with oral administration of levothyroxine.
Follow-up
All patients were followed up after initial therapy. Cervical lymph node metastasis was detected in 10 patients, in which 3 patients had local recurrence and 1 had lymph node metastasis. There were 6 patients with lung metastasis and 1 with lung metastasis accompanied by bone metastasis. Postoperative follow-up was at least 5 years on average, and at present, all patients were alive except the 12 patients who were lost to contact, of whom 10 with distant metastasis survived for more than 5 years. All patients received endocrine therapy with thyroid hormone tablets, and their growth and intelligence were normal.
Prognosis
All the children in the two groups survived for 5 years after initial treatment. There was no significant difference in recurrent disease between the two groups including local recurrence (0/27 or 0.0% vs. 3/56 or 5.4%, P=0.302), lymph node metastasis (3/27 or 11.1% vs. 7/56 or 12.5%, P=0.547), lung metastasis (2/27 or 7.4% vs. 5/56 or 8.9%, P=0.589), and bone metastasis (1/27 or 3.7% vs. 0/56 or 0.0%, P= 0.325) , as shown in Fig. 2. 
Discussion
Thyroid cancer in children and adolescents always manifests with a neck mass, which is too small to diagnose at the early stage. In this study, 97.59% of 
Fig. 1 Comparison of location and invasion of thyroid cancer between the two groups of children
All data are expressed as percent (%)
Fig. 2 Mortality and recurrent disease of the two groups of children 5 years after initial therapy
All data are expressed as percent (%) patients were treated for neck mass. The incidence of thyroid cancer is similar in females and males at age ≤12 years with no statistical difference, but with significantly higher incidence in females at age >12 years. This difference was thought to be due to the increase in estrogen at puberty to be close to the adult level.
The most pathological type of thyroid cancer was differentiated thyroid carcinoma. This group had 1 case of poorly differentiated cancer, with a high degree of malignancy. This patient underwent cervical lymph node dissection and isotope therapy in the third and fourth years, respectively, after surgery. Bone metastasis was found 9 years after surgery; nevertheless, this patient was still alive after more than 11 years with a tumor. The adult 5-year survival rate for this type of cancer is approximately 40%, with most patients dying in the first 3 years after diagnosis because of local and distant metastasis (Ward et al., 2006) . However, it is uncertain whether the prognosis of poorly differentiated thyroid cancer in young patients is better than that in adults and further research on large samples is needed.
Thyroid cancer in young patients often shows higher rates of distant metastases and recurrent disease than that in adults (Vaisman et al., 2011; Mihailovic et al., 2014) . Some studies have found that the rate of metastases in side neck lymph nodes in patients over 18 years old is only 23.6%, but up to 77% in patients 18 years old or younger (Dzepina, 2012) . The lateral neck lymph node metastasis rate in this study was 69.88% (35 cases unilateral and 23 cases bilateral), which is compatible with reports in the literature (Dzepina, 2012; Jing et al., 2013) . The rates of local lobe invasion and distant metastasis were 30.12% and 12.05%, respectively, both significantly higher than those in adults (Schlumberger and Sherman, 2012) . Research has shown that younger patients have more local and distant extensions (Grigsby et al., 2002; Dzodic et al., 2014) , and the neck lymph node metastasis rate at patients ≤12 years old was obviously higher than that at patients >12 years old. However, there was no significant difference in the extra-thyroid extension or distant metastasis between the two groups. Therefore, cervical lymph node metastasis should be noted in younger thyroid cancer patients, especially occult lymph node metastasis. B-ultrasound is always used to define thyroid nodules and assign an ultrasound risk to a lesion. Fine needle aspiration (FNA) cytological diagnosis is also highly accurate and widely implemented in clinical practice for nodules more than 1 cm (Gupta et al., 2013) . It is recommended that children who have a history of exposure to radiation, autoimmune thyroid disease, or a family history of thyroid cancer should be examined by FNA, even if the thyroid node is only a few centimeters in diameter, because thyroid cancer in children and adolescents is particularly invasive locally and at a distance.
Surgery is the primary treatment for thyroid cancer. The ATA and some studies have suggested that if FNA or intra-operative frozen pathology proved thyroid cancer, total or subtotal thyroidectomy should be done to decrease the recurrence rate significantly (Mihailovic et al., 2014; Francis et al., 2015) . However, recent studies have shown that not all patients benefit, and it is only recommended for those with distant metastasis or partial extra-thyroid extension (O'Gorman et al., 2010; Atabek, 2011; Adam et al., 2014) . Children and adolescents are still growing and the surgical method needs to be chosen with care. The perfect surgical therapy should not only remove the tumor, but also avoid the onset of complications including permanent hypothyroidism, hypoparathyroidism, and neurological dysfunction. Our suggestions are as follows: (1) Primary tumor treatment: unilateral thyroid lobectomy or union with lateral partial thyroidectomy is adopted for unilateral well-differentiated cancer without external invasion and metastasis; the RET gene mutation test is recommended for patients with medullary carcinoma or with a family history of multiple endocrine neoplasia type 2 (MEN 2). Unilateral lobe resection is recommended for unilateral carcinoma patients with no gene mutation, and total thyroidectomy for medullary carcinoma patients with gene mutation. Whether prophylactic total thyroidectomy can be done depends on the risk of MEN, according to the assessment of the RET gene mutation site (Kloos et al., 2009) . Total thyroidectomy is recommended for thyroid cancer involving bilateral glands. (2) Treatment of lymph nodes: neck lymph node dissection is recommended for stage N1 patients. Some scholars suggest implementing prophylactic cervical lymph node dissection on N0 patients because they consider that the lymph node metastasis rate is higher in children and adolescents (Patron et al., 2011) . However, we think that the prognosis of differentiated thyroid cancer is favorable because cervical lymph node metastasis is not an independent factor affecting the prognosis of thyroid cancer in children and adolescents, and more complications occurred after lymph node dissection. We suggest that differentiated thyroid cancer patients with N0 should be accepted only for central region lymph node dissection, and full-neck lymph node dissection should be considered when lateral cervical lymph node metastasis appears during postoperative follow-up. The rate of cervical lymph node metastasis is high in hereditary medullary carcinoma patients and neck lymph node dissection is recommended. Selective lymph node dissection is recommended for other undifferentiated thyroid cancer patients with N0.
Children and adolescents with differentiated thyroid cancer are offered endocrine therapy after surgery. ATA and some studies recommend that patients with distant metastases with a tumor diameter greater than 4 cm or 1-4 cm with lymph node metastasis or other high risks should receive isotope therapy after surgery (Mihailovic et al., 2007; . Our study found that children and adolescents with big primary foci and cervical lymph node metastasis had a good prognosis. Isotope therapy requires total thyroidectomy, and increases the incidences of second primary tumors (Leboulleux et al., 2012) , bone marrow suppression, and kidney injury. Therefore, we believe that patients without distant metastasis or serious local invasion, especially young children, should choose isotope therapy with care.
Patients without surgical indication and with refractory differentiated thyroid cancer not taking I 131 , medullary thyroid carcinoma, and undifferentiated carcinoma did not benefit from traditional treatment; molecular targeted therapy was the best treatment choice for them. A 9-year-old patient in this group with thyroid papillary cancer with recurrent bilateral neck lymph node and lung metastasis accepted two courses of isotope therapy, but the pulmonary lesion did not reduce and the iodine scan was negative. A subsequent targeted therapy achieved a good result.
This study showed that thyroid cancer in children and adolescents has a high rate of lymph node metastasis, especially in patients at age ≤12 years, but the prognosis is acceptable. Attaching great importance to its clinical features, improving the level of diagnosis, and selecting appropriate surgical procedures and comprehensive postoperative treatment can achieve a satisfactory cure and survival rate. Active treatment should be given to children who have poor pathological differentiation or distant metastasis because it can also lead to a satisfactory clinical effect and longer survival with the tumor.
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